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-g- Hk v ^ aflTl 35. FIFCMl ^ *l<3^r iL^^l °fl.S ^7]7|^ <y^# 

szf. #^cfofl *l<S7l» zj-z* ^wltbcf. ^l<^7l#^ *1<£ a^s.^ 5}- Aj^rO] REVERB <&SL 
» <>l-g-*H 3Lt, *1<3 ^*1H <^ae| sj-o^^. ^6. 

£ 1 
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oflol^ofl^^ Aj^Eflo^ ofl^ an 7j 7 ] * n^jo^ H3M^ u o v ^{ECH0 CANCELLER OF ADSL 
SYSTEM AND METHOD FOR TRAINING THEREOF} 

51 l£- ADSL Al^^^ ^^.E Ein]^oil ^sqfe s] 5. «-51; 
51 2^ <H)i2. ^1 71 711- H3H^*}7l fl^ S.^^^ 51^; 

51 6^ ^t!r ^ °o V ^^ H il^^ 51^; ZLElJl 

51 7£- o]]=l 7\}7\7}°\ H3H^ clRV *iH =r^* iL^^^ 51^olcf. 

*51^ ^js. Jf^ofl cfl*V -M^ 

100 : Sl5im El^l^ 200 : 

110 : ^i^7l 111 : <&3.tf 

112 : IFFT 113 : ^H/^l) ^^-71 

125 : FIFO 114_1 : Z-INSERT 31*1^ 

115, 123 : ^Ei 116 : t\^\^-o\^S.n. &&7] 

117, 121 : AFE 120 : ^7] 
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122 : oy^rS-ZL-x^^]^ 124 : TEQ 

126 : ^1/^1 127 : FFT 

128 : ^^ci 130 : ^3. $)7] s\S, 
131, 133 : ^1^71 132 : ^\}7\7} 

<19> M. y^SL Al^Efloll ^Wl£)^ 6\)=2 7j\7]7}o]] ^ ^ , # .2.3. 4] 

<20> ofl S ^7]7l(SE^ ^17^71, echo canceller)^ Al^<HH ^1^7> s>"o] 

M-Sl^. (Hybrid) ^ A o v <«4 ?lH-i:(twisted-pair cable)* **fl ^V^M ^-ti^lfe ^ 

<y ^1311- *ll7^|-7] ^sfl #*Ht}. ^a] -f-A] Al^tfloi ADSL( Asymmetric high speed 

Digital Subscriber Line) *1^J°1H^ ^( ana i og hybrid)!- -f-*fl ^ 41 

^a] ai^s. £-^^1 £l^]^V, *fl%Kimpedance matching)^ ^s^l 0)^0] 

^-§- ^-el^^f. ofl^rfl, -f^ *im( channel)^ ^^M- cj-^^zL <sH tL^<= 

^ ^(passive) ^7>-M o_^ s o]«fl oj^e^ nfl^lol ^SH-Ml °l-¥-<H*l*l ^nfl 7.} 

<2i> ^*V^<?} ofls *fl7l7Hl^r FIR(Finite Impulse Response) ^ ^7^71, 

IIRClnfinite Impluse Response) ^ ^1 ^ J±#( Interpolated) FIR ^7] 
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^ o\}5LWr ^cfltv ^]7l^- ^ £M°> 

<22> FIR w ^ A7\?]^ &$f>U] -g^aL, ^-g-€ ^ ^1^ ^1^7lo]rq-. ofl 

^ >fl>l 7]^-^ o.s *fl^°- 7 ># ^^Ml £4f =r ^(coefficient 

* -g^SMl °H, FIR ^]7|7l^ oflja Sfl^SZ}- ofl =7 ^l]^7l A>olc) ^=q|<^ 

^(squared error)7> z\±7\ ofl^ ^7l7]» ^sMl ^tf. «fr*l*V FIR H 0 V ^ ^ 

7l7> ^^ol o\}3. 5L*m^ A}-^^ ofliS ^7]7l^ ^(tap) =^7> ^V^Jl, 4 

B^i 7^^ ^ f-^l) ^7>*>7fl ^Cf. 

<23> IIR ^ oil =7 ^fl^lfe Tfl^^ol cf^-JL, ^^flo^ A^}*] ^ IIR ^1 

^7l^ #( p0 le)^ 3*H 4^ ^- ^^Hl &^7> ^ Sm. °1tt ^^1^ *\]3- A^7] 

#2}- ^(zero)«- <£jl e>^ ^-f oflia. ^]7l7l(echo canceller)^ t-sf ^£7} ^ 

aflTH &Ji)7} vt+m ^ <&?]) ^cf. olaf ^ ^ o. « ^ o.^ ^ 
eK adaptive signal processing) 71^^- f-sfl ofl^. *H7}7l<2] 7fl ^» ^sHl ^i}. ^1^> °1 

2f *J-A o V IIR oll S ^^7]^ ^^ofi tflSfl ^^11- 71^;^ O]: *Vcf. 

<24> iLTl FIR Hj-Al ofliS ^T^lfe o^frj cjTjl^ FIR ^ ^ ^^M* ^o] FIR «J- 

ollS ^17-1 71 # A)~g-^ Aji^g- ^Va]*} ^ O!- o]l^ *\}>\7}°) ^KMcf. is}*} 

# FIR ^ ^171711- A>^-^ ^ o. ; *}J=3H3] ^7^>7l] S]J1 ( H 
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<25> xx^^ £ Tfl^o] ^>^>jl, Heflcl^ol -g-ol*V 7^)7] 7}% ^l^Rr 

<27> t>}<4 -E-^-g- ^*>7l £ H ^<Hl ^7}^B] £ 

3^7 oflS ^i)7]7}S] B£1M^ y o^^, ^-7] ^^7lS^fEi #^5]^r Aljr^ ^ <^7> £ 

33<H *lH*Rr #31, ^7l ^713-^Ei 2,7)S\- A]Jr^. ^<jRr #31 ZL^JL # 

7l ^7]7> ^Altb ^71 ^71 2|- ofl i2 Z\}7)7}°) ^ ^ A] Tfl^r 

<28> aJaHH ^o^, AJ- 7 | o\]3_ ^7171^, xDSL(Digital Subscriber Line and its 

variations) Al>^floflA| A>-g-^cf. o] nfl ; Aj- 7 j ^ls}- REVERB a]^o] j i) Aj 7 j 

ofli2 ^7i7l^r AJ-71 ^^7l^ FIFO ^7l5)-7l^ #7] ^A]^*} A]# oj^o]^ A}o]o]l <g 

<29> Ol AJaHH olc^A^ Aj. 7 l ^ 1^7^, Aj-7] ^^71^ FIFO *7l SM S.*f&\ 

<30> O] ^A]a\)6)) A o V 7l ^1^71^ FIFO ^■7}S\-7)S.^-B] ^ AjJ: 
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<31> ^AHcfl &<H*1, *}7l7]«] 7\)t £ *1<3 Tfl^}^ #31^, 

ofl^ Sfl^fi] ^*Hr T^Rr cj.^ ^-7) oflS ^fl^^l IM^S-^ Al^l <g 

<*>3 7j]AV^^ #31 A]7i <^^^ ofls -§-#6.5.-^ oflsi *fl^cq oljui^ 

Til #7l A}7_> <^2] <^1 S ofl^ >fl7l7lSl *] <£ AlthOS.^ ofls *f| 7^7]^ Tfl 

^« Tll^Rr ^T741» i^Cf. 
<32> «V^*V ^Aloflofl 5a°H, Aj- 7 ) H3H^ H o^£r, ^^l^E] S.7§ ^^9) A} 

if *i**Hr ^ 7fl 51-, ^71 ofliS ^7l7l^ ^Aj- Aj-EfloflA^ ^7} ^Aj 7 l7> A]Jr^- Sj^- 

^Rr ^741^, Aj-7l <HlS ^7l7l^ Wl^ Aj-EfloflA-l Aj- 7] ^A]^} ^Al^l A] Jr^. 3 # 
313", A oM oflS ^1717121 ^^/Wl^^l- Aj-Eflofl ,4= ^A] A]2f|. tiling c^l ZL^Jl #7l 
oflS ^I7i7l^ ^/til^ Aj-Eflofl ^AJ Ajjr-g.^ tiljn ^^.oll a).^ Aj-71 *fl7l7l 

3 *l°i Al^ iL*j<5Rr Cj-Tlll- E-l i^&Cf. 

<33> Ol AjAHHl o^A-1, Aj-71 ^ ^r^Hr^r ^9i* &°]X%. 

<34> o] AjAHjofl oJ^Ai, A o V 7l ofl^ ^}7]7}^ *1<£ J^SHr #31^, ofl S 7l 

?13 -f-^/Wl-^ ^-Eflo^l ol-^- ^A] Aj^s-o] A^ 41- nfl Aj-7-) oflS 7i7l<3] ^^-/til^-^ 

Aj-Eflojl ttf^ ^Aj AJ^S-OI ^Aj-^ofl Cfl-g-^ AlTj-oV^ Aj-7] oflj=7 ^ ^ 7] O] ^ <£ A J O. ^j 

<35> Ol AjAHlofl oJolA-1, Aj-7] °flS ^il 71713 ^/a] -f^ Aj-^ofl ^a] Al^o} ^ Aj- 

Al-7> 22.5°°J Hfl ^7l o]l S 7fl7l7lol ^cg Al^Jvg- 1 2^£t}. 
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<36> -s- *gr$9\ cf-g- ^HHl ^1^, ^*fl A JM 3^r#*Rr ^l^^r, 

TT &*7)S*, #7l *fl^ M C-flolEi ^#*Rr ^#7l<4, #7l ^71^ ^71 A>o] 

°fl ^i^i, #7l ^d^7lS^Ei A1J171- #7l ^7l^L ofl^l- ^T^M ^ ^ 

^ls ^7H ^*>^, #7l #7l H3H^ 2.1=^, #7l ^7ls. 

=T^#€ ^71 S\- A]^^] ^71^^-] E E flol^5lcf , 
<37> 4^^- ^HHl SU^i, #7] ofliS *fl7i #7l ^^^S^-E-] ^If 

^l^A] 71^ 1 X]<&7]Q, #?1 *fl 1 ^ol7l^^-Ei #^5]^ ^]lt ^V*^ #7l ^fl^^- 
-f-*fl HS-A #7} ^7lS. *HJS]fe ^T^M o)l =7 ^]7l7l =L&\JL #7l 

<$3. ^T^lS^fE^ ^ Aljr=. *1<£X|^ # 7 } ^71^ afl^Hr *)1 2 ^1^71 # i^-*Vc|- 

<38> £ cfa -HL^ofl o)^, ^-g- -f-*fl cfl °] Er) ^Jl* ## 

, cflojEi -^-JlS^Kr ^l^Clsq-, #7) ^4^T ^ ^ 

cflolEi A]i t ^iTi <3<*i iflo^ cjojE^ ai^S. ^U<tr ^eHl ^«;7K IFFT)^, #7l 

^Jl^T ^EH ^§7l^^Ei^ C-flolE^ ^ ^ 7 l5j.Al7]£l, B3l°l^ 5JEL^°> cd 

Jl^ ^€\o\] ^_%7}S.^-B\o] c-flojE^ AlJl ^ ^.g. #^Hr FIFO ^S^, # 

71 FIFO ^SjS^Ei Alsl- ^E^SlH a o V 7 ] ^^>^ #^ €E^, 

#71 ^iM^ 31°^ Ajif sgE^Kr <93 ^3]-, #7] <a ^ ^Ei^-E^ Dflo] 

E^ A]5lo1] cflsfl ^ ^H^^: *r^*Rr Al^> <g<^ ol^^olT^^, #71 ogoi ol^ej-ol^ 

S^-E^ C-flolEi A]if ^A] ^7lS)-Al7l^ FIFO #71 FIFO tf|3SlS.J?-E|o] X\7j- <^<^ 

C-HojEi Al^l- ^2}-^ cg^ iflo^ ci] O] Ei ^^V^ Jl^ ^E)o11 t^7l(FFT)3l-, # 
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71 ^SK 1 oj<3 Lflo^ c-fl o] E-] A]S» ^S^Kr ^SCi ZL^ZL #7l *fl^ -f-^rfl cflo} 
3 #JL7> ^#£l^r ofl^l- >D7l*>7] ollS ^71 SjS* #7l oflicL ^7i S]S 

tt, #7l FIFO H^S-JfEl #^5)^ *1<>§A171^ ^ 1 7.1^71^, #7l *fl 1 ^1^7lS-^- 

#^51^ ^>1-^^ #7l -i-^ ^€ ^7 r ^^£1^ i3f ^T^l ifl 

tb <Hl3 aflT^l ZLElJl #71 oflirL ^Tl^S.^-^^ #^ A]^f 7l<gAl?H #7} A) 7> <* 0 ] 

^el-olTls. *H^*rfe- *fl 2 *1^7ll- £^4. 
<39> wV^tr ^*HH &°H, #7l -f-# aI^e^^- xDSLCDigital Subscriber Line and its 

variations) Al^ol^ # 7 ] 2:7l5|- -tlS:^ REVERB ^ISL^nl-. 

<40> ol ^AHHi ^o^, #71 FIFO tHsl^^-Ei t^sl^r " ^1" ^1JL# ^ ^rM"^ 

^>#7sl- C-flolElolJl Cfa f;}^ 0^1 Cf. 
<41> oi ^ahi^i ololA-1, B3M^ S-IL^J;, #71 FIFO tH^s-^ #^sl^ ¥ ^ 

1- #31-1- ^ *>l1-^ ^l~§-*r dHl^lJI ^>M-^ 0°1 o>ia <$2)<5) c-HolE^olcl-. 

<42> wV^tV ^^HHl &o)X\ t ^171 5)5.^1 *1<3 Al7_V^ #7l ^7lS ^€ 

AlTi ^ *IM*H eTl^A-l 7fl#£tl-. 

<43> ol ^AHlofl oiolA-1, #71 AlTi <^^5l *fl^ oflui^^, ^4^r <Hli& -§-^-ol #71 

^7l£l <*J1# ^elofl ^^-7H1 S]«f| Al7_> <^^o] cfls O-^-ofl ^7^-1 7fl#^Cf. 

<44> Ol ^AHHl ^Ai, #71 Cg^^ cfl^ -on^ # 7 1 ^Al^oflA-l =^A]^ 6)| a 

^ ^-#4 ^"71 ^7}o\]X] Q^-Q o)}=l *fl^o] ^+ S-Aj o) H ] s ^ ^^^]c|-. 

<45> ol ^jAHHl ^olA-1, #7l ^Al7HlA4 ^A|^ o])=L ^ ^S)^ ^S)-^ oj 04 
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<46> o] AJaHH °X°]*\, <^JL^ ^^7l^ 128-i^H ^ ^^r7] o] 

<47> ol ^Aldflofl sa^^l, #^HH ^sHr 128-i°jB ofl 

4JJL-I- 512-5L°JB cflolE^ ajjts. ^«:*!r ^ 

<48> Ol ^X\6\]6\] #0^, ^"71 Tfl 1 ^1^71^1 Al7_>^, Aj^ ofl M ^ ^ <g X\ 

as. q-fe ^Cfl ^^^4. 

<49> Ol ^Aloflofl 5^1, Aj-71 *fl 2 ^19171^ *l<g A]^, (Aj- 7 1 ofl S afl^ s^o} ^ <g a] 

7>) - 4 * (#71 ^ 1 *]<&7]Si\ Al7>)o]cf. 

<50> ol *jAHH olol^-l, Aj. 7 l 6J| 2 ^71 $SLSi\ Al^, a o V 7 1 ^ 7 l ^cq ^ FIFO 

tH3l^ ^o£ A ] ^ Aj-7l ^Al7l ^ *r4l FIFO H^S] ^1^ Al7V# 

<51> ol AjAHHl $X^^\, -*7l <H]i2 ^71 *1<S A}^, Aj-71 ^7l7> 

^*Hr ^71 S\g_7\ Aj-Efloj nfl Aj-71 H^l 7> ^A]^ ^o^ Al-gr^ 

Aj-71 ^71 5]S.7> Hl^4 Aj-Efloj trfl ^71 ^7l7> ^A}^ ^ o| ^ Aj^ro} *H1 ^T^A-l 

iL^€q-. #7] ^^7]°] Aj-Eflofl ^A] Al^S.ol ^A>^ 7 > 22.5°^ 

Aj-71 <HlS ^7171^1 AlTj-^- 1 Aflfnfa. S^tf. 

<52> o]sq- ^-ol ^. ^.a] A^Efl^, FIFO^] ^fl 7.1^^. ii^^7l ^SflAi ofl S ^T^l 

ol oj^cJ-4 #^1=H1 ^1^711- Zj-Zj- ^-Wl^Jl, ^1^71^2) X]o4 Al7>»^ ^7^ Aj^o] 
REVERB Ajjgr* o].g.*M Hellol^sjcf. zl£\H.3,; z\]t]7]^ Wlsfl 71^- tt = 

*H* -g-ol§>7ll ofl^ 711 71 711- HSlM^ ^ O^rf. SE^V, ^ 
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<53> (-gAlofl) 

<54> £ i£ ADSL *]di*&3>\ s^2.e b\x2) ^(remote terminal )<Hl 5)5. #^-£olcf. 

£ l°fl A 1, ^-S^Jl HO^r &<&7] (transmitter), 120£- (receiver ) =l£\JL 130^t 

^1^ 33.(130)1- i^cf. ^^71(10)^ (encoder) (111), ^Jl^r ^hH 

(inverted fast Fourier transformer : IFFTX112), '^iJ/^ll! ^^7] (paral lei to serial 
converter)(113), FIFOCfirst in first out) ^71^-71(114), ^Hli ^(digital filter : 
DFX115), t\x)ig-o}Tg3.3L ^71 (digital to analog converter : DAC)(116), zlb)3L ^ 
AFE(analog front end) -^-^(117)* 

<55> ^^1 71(120)^ ^ AFE -ff 1 ^ (121) , o}^3,=L-t)x]^ t£^7l (analog to digital 

converter : ADCX122), t^lH ^3(123), *1?> ©1 ^Bj-°1 7-1 (t ime-domain equalizer : 

TEQX124), FIFO ^-71^-71(125), <£^7l (serial to parallel converter ) (126) , JL4? 

^«-7l(fast Fourier transformer : FFT)(127) hb)ZL tlsn|(l28)# S^tr^r. 

<56> 6\}3. *\}7] 5)5.(130)^ 7fl 1 ^1^71(131), Ofl-S >fl 71 71(132) ZLSl^L afl 2 *1 <£7l (133)* 

<57> SEtr, £ HM, ^"^^ 140^: ^71(10)5+ ^71(20) A>olofl *H^5)fe *fl^(^, # 

^ ^^.(transmission path), ^l^tfl, ^5}- vjlB-^a.)^ ^J-ol S. (hybrid) # M-Bj-^ 

<58> ^ c-flol El (transmission data : TD)^1 «1H ^H^#(bit streams)^: ^]3.t:i (111)3. 

°^^tf. °J5LC-1(12)^ ^ «1B iE^tf 4^ ^1 «1S n«(paral lel-bit 

string groups )(^, n &\ c^-fr (peaces ))S 4 *g «1H Hf-*^- 
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(coded) JSiS. -^SKencode)^ , 3.E.z\-Q ^H* IFFT(112)S. #^th*. (111)31 
3*3 "<H4£r ADSL Al^Eflofl 3^tr QAM (Quadrature Amplitude Modulat ionW A . °1 «fl , 

n sj^l-Col^., n -5i= ^^.)^r ffliiMsl n s)ifS. , A ^3-*\ 

<59> . IFFT(112)fe n-3£ ^^.S lB|«flAi <*jl^ ^-g- ^^J-Jl, n-iS-E. ^iL# ^ 

sj.^ oj<*j AljioflAi a1^> <3<* Al^s. IFFT(112)ofl Sl*fl H 

1 ^l/^lt ^*7l (113)^1 ^*fl^ ^^cf. FIFO ^71^-71(114)^- 

ADSL M 3 31 #( physical layer)^ cflojE) -g^l^-t- ^*8*Hr ^-^1 o] i=f . FIFO * 

7l5}-7l( 114)3.^- 3 #33^r ^ ^IJL^b cl^l €Ei(115)«- ^f-Sfl ^E^SlJi, cl^l^-c^s 
H ^^71(116)^1 2)f$\*] °\^S-=L *\3L3. &&&r±. £^ oV^-sn ^13:^ AFE(117HH 
^e^^ * *r o l«-al^(140)«- -g-*fl *H\i3. 3H^lt}. 

<60> ^71(120)^1 A ^ Aitf #^71(110)3 ^ Jl^il:^ ^VcflS. ^*1-JEL 

^^tr^f. TEQ(124)^ *m 4iH^ (channel shortening)^ 

°l^Sr°l^l°l^ (equal ization)^: ^1t4. 

<6i> 6])^ ^71 5lS.(130)^ ^^71(110)^1 ^Ei(115HH ^]7l(120)2l cl^l^ ^ 

(123) V}*) 2] ofl^ dl*V Al^l- #31 ^, e)5LB e^I ^(100)^1 ^ ^IJL^r 

^-(Central Office : C0)(200)^-S. ^r^*l-^l %f>}51 &1JE.H E^l ^(100)2] ^o.S 

°l^r Ei^l^doo)^ ^^(200) ^M* <£^is}^ ^5L 91*) 

^ of^zL *f°l w.Bl^-(140) afl-^1 ^^Jcf. o)<a}- ^-o] > E1S.B £^1^(100)^1 # 

^71 ( 110)3.-?- ^1^5]^ ^A] Ajjr 7 } EM^ ^A] 71(120)^1 ^fe ^ 

*M ^*fl *fliSL ^71 S1S.(130)7> A}-§-£lt}. 
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o] ^X\d\)d\)*\ t ^^71(110)^- 128 i^lB(point) IFFT(112)# ^}-§-*}JL ^7l(120)^r 
512 FFT(127)# A}-g-*Vt}-j7 7}^^r\, o)±r 32 -HJ^flVl* -M-B^tt oi^a] t£i} 

S#^<?1 31*11 2tiflS] q-ol^^B wl^(Nyquist rate)^. ^^(upsampl ing)-|r *><^ 

^ ^JL* ^*7] fl«fl^olt).. ^Ai7l(120)fe 256 ^«.^fl^( subchannel)* A>-g-^-o.^ uj- 

(120HH # nfl 4«fl <a^#^ ^A^L So] 711 °1^- ^ *l}7] 35.(130) 

z\)7] S)S(130)^ #*ll ^1 SL^M ^<H°> *KE.S ^1^7ll-(131 ( 133) ol 

^A^Cf. &*\] A^eAo} Jl^-^- ^L^^l ^rjl ofl^ ^171 71(132)^ #^ ^<Hl ^l^l 

* *>q-^V t Sl-^ *1^ JL-ir^- #9i*H ofliS *11 71 71(132) si #^^ofl 

^ ^^7l#(131, 133)# &t±. <Hli2. ^I7l7l(132)^ <^<EH1 91^ ^1^71(131)^^31 1 Afl 
#£r ^ 71 71(132) 31 #^^oll>H3l 4 ^#<^1 «fl^£S afl 7} 71(132) vfl^-ofl 

tt FIFO 3.A) -i^l^l <&°}5. ^rf. 4 u^Sl ^Tj?) (132) 

31 #3 ^<H1 5U^r ^1^7l(132)# A}-g-f-iL5LM| ^ $1 cf. 

a. ig-^ofl^ a}-§-5} ofls ^7l7l(132)^ IFFK112) o]Jf. t zi^JL FFK127) <=>)^] *°1 
B.S. Al^V ^^(time-domain) 7] 7l ol cf . n}-eH piR B)-<y oj 2 ^71713) ^ ^a] 

7l(120)tfl FFT(127)3] 5LoiH ^ ^^1^^^ ^ o] y>^^. ^n]- Aj^fl jr-£ ^ ^ 

H711- Jl^^H ^tfltV *fl7i jL2f€- ^ SUfe £L7lS 7>7^7>o> sj-JI , 

^ Vr ^H^ FFTU27) S-SlHS] 1/291 256 <^ls ^7^71(132)1- ^l^tb^. 4eM *ll 

1 ^1^71(131)71- 7>^ ^ <&±r 0 ~ 127ol S)l, 2 ^1^71(133)7} 7>^ ^ 0 

- 3ol ^cf. 
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<65> a. ^^oflA^ ^1^7l(110)oll 128 i9jB IFFT(112)» ^-g-^cfl, 2«fl^ M- 

°1^1^H ol-grt!: w o v ^°14. °H, ^41 FIF0( 114)3. ^-Ei ^ M.^ 2 

^1" f^l *b ^>-§-^> HM^} ^Bl #3L, M-^^l tr 0°1 l-Ol oiq. nvoj 

0<>1 Sa<H°> ^ Sampled 0°1 <^>Vi <W ^ FIF0C 114)3 €*>*1 

^Isolcf. ^, 32 ^J±*fl^(subchannel)* r *l A>-g-*]- a]^7> 64 *1 21*11 ^7}*1 cflo]^7> ^ 

*l]*Rr 3*1^ ^*>7fi ^c}. °1 "A, 32 - 63 AjjMUgs] t-flolE^ 0 ~ 31 ^ja ^ <s} ofloj 
Ei^l 4^r€-(complex conjugate)^ ^cf. ^, ^a] a]^^ ^ «.«. ol ^BfuJ-Tfl ^cf. ojsq. 
^ ^-fr ^1-8-^ 4|S ^17171(132)21 Hellol^(training)oll 51-S-* t ^ 

<66> 6fl S ^7171(132)011 ol-8-t|-7l iflSfl FIP0(114)fe, E| <>) Zj" ^1- AWofl 

*1 Ool s)^ A»s.ofl <yo^ ^ <y^^. ^ oi^ z_INSERT 31*1^1 (114_1)«- tc^ 
*\ 7l^oll^ ^7} 32 - 63 subchannel 3 Channel ^-g- ^Tll 40^ ^7> SU^l € 

i}. -g- ^<HH*r ol ell^l^EKll4-l)# oils ^7l7l(132)Sl Hello)^ ^ofl^V ^ «y 
*r -i3l*H ^1^71(132)51 Heflol^oil A>-g.^cK 

<67> ADSL Al^ejoflA-1 ofl^ ^7171(132)^1 SelM^ =S.>*fli( initialization 

process) ^o)]a-| r_ E CT C_ECT ^P-^HH o]^o]^_ a. i£tg c. e^d1^(ioo)s1 ofl 

2 *fl 71 71(132) oil *fl*H t^S-S o)l=i X)7l7l(l32)Sl BelH^ o_ R_ECT ^tHM o^o^tA 
€*=h R_ECT ^^MHfe ^ol^l PSD(power spectral density) °fli.a(mask)-I- ^«>*M1 
tr °J33 A}~g-sH o\)=i ^Il7l7l(132)« ^ba^l^ ^ olc| ADSL Al^^fe 2:71^- 

REVERB MEDLEY ^§ ^ *(|7i 7l (132)^- 

REVERB ^1Jl-I- *>-8-*H Bellol^s-VTll ^cf. 
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<68> s.^| i <%d\)*\ w}-<2j- <£o) REVERB ^1JL» ^^]s>ig^ ^^71(110) ^\ FIF0(114)2] 

Z_ INSERT Efl^l^Ei(H4_l)o11 0°) ofi^ ojojo) ^ oge^ig £ 2 ^ ^ ^a] a]^i# n># ^ 

3X^. S. 2°fl^ ^^0.5. HS.^ 3~7)5[ REVERB ^S^l Jl, 

^IJl^ REVERB ^JJl^ ^15: REVERB_C°] i=f . ^ ^Isl- REVERB ^ REVERB_CS. 

tiHl-si(lOO)^ ^71(120)^ ^ (upstream) 5fl^^^ oj-uje)-, 32 ~ 63 ^ 
tL*fl\t^ tq.o.^E^ (downstream) ^ M ^H=f. 

<69> £ 25f ^ ^ai Aijr-g. ol-g-^j-^ <g-g- ^ Ol^ ^A] Ai^i, £ 3 ^ £ 42} ^-cf. £ 

3^r ^ <HlS ^Jl^I ^H3^§- iL<*| ^ul, -£ 4^ ^ 3<H1 J£a1^ aJ^c,] o^aj. m.^ o. ^ 

^ §cf. £ 3<H1 ^o], ^a] Aij^ a]] DMT Sefl^^cf #-%-o] ^s]o] oioo 

REVERB ^| <HliS« ^ 5^. ^ 7fl2] Hefl^ti- ^ Y AVG ^ *}^, Z.INSERT 

^Ei(141_lH 0^1 oj-vi oj^^ $.0. uflo^ REVERB REVz^nsert^ ofliEL ^ 

^s] ^ H EC Ho^ ^«H4 14 QA. 

<70> [^*Vai u Hecho = y Avg / REV Z _ INSE rt 

<71> o)7$o\ A]£- ^ Ajjr^ ofl S p^o] ^sj.^ jpj Ajsojl tfl«fl IFFT(112)1- *€fl 

^ iicf. -§-#(echo response)!- h ECH 0^ ^ h ECH0 ^ *r«H 2^ ^-cf. 

<72> [^*Va1 2 ] h EC H0 = IFFT{H ECH 0} 

<73> sv^nl- ^ 7 ]oflAi REV Z _ INSERT ^ 128 i^lH IFFT( 112)1- -f-^fl ^l-^^l ^IJloIji, 

Y A VG^ 512 I°JS FFTU27)! ^ ^a] Aj^ojcf. xt\-^ ^ ^ ^ ^ 

S <£Sr ^ &7fl ^Cf. OH- mia>} 7 } $]$\*\^ ^A] Aj^o, -4- M. 
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^4 ^a] Al^o) J^-fr ^o) ^j-cf. 128 i^B ^ 41 512 i^lH ^ 

A] Al^^ <3<*ofl cfl-§-Al^)7l 5)n*]±± REV Z _ INSE RT^ Tt^l 34 ^ 

<74> [^*|-Al 3 ] REV2_ INSERT = [REV Z _INSERT REV Z _ INSE RT REV Z _i NSE RT REV Z _ INS ER T ] 

<75> ^ ^131^ 276kHz^l^ ^l^ol Jl, ^ A]jri=. 2. 208MHz 21 aIJtoIh.^. 3^*1 

<76> <>1 *fl, ^ cfl*IH^. ^(extrapolation)^ 

^^tvcfji 7 >^*v ^ ^ $\&-& 

^^(linearityH ^.^cf^ 7}^ §HH 0 ]^- < H^°> sfl^it) a} si ^ 

*r^r ^r4^ ^R3°l ^3H^1 «9«fl^<>> *r^, *fl>t^ 5)^ 

(phase)^: a>-§-^ vlHH^ -ti^o]^ 7 >^^ ^ ^ s] ^(channel 

extrapolation)^ . £ 5 ^ £ 6£r <H1^ 2l-# y o v ^# .Si^tr*}. 

^ ^ *im ^^is. 7>^^, °h safe ^-8: J±i=t *^cM 

7l7l ^g^*V ^°lt}. ^flu^ ^ ^(amplitude extrapolation) H o v, ?Mlfe <^ 7>*1 

A Sa-8- ^ aZ-^-M- #^^§: 3*lWfe £ 5^] A 2.fe ^ *fl^ 
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<78> Olfif «J-^ofl <gO^ ofl S A]^; <^<* 0.^-0. 512 JEOIEO^ APS. 

FIR Ef<a 6j|3 ^11 71 71^ ^ ^7} 512^1^ ^ *m ^ -s-^i, ^1^71 

7> €-S.£°l, ofl^ ^i^7i(i32)^| tii^7> ^ ^ sa^. «Vs.^I*H^ 4^ £ 

#ol7l ^fl oflS ^fl^o} ^ ^# 512 ^§#iLCf ^711 -M^BJ^ *]<&7] £ Al^> o\}3. 

<79> A^ cg<* ofls -§-#0^ o\}3_ ^}7]7)S] ^ ^ofl «fl^>^ X\# ^ 

(channel energy) 7} 7}% ^0} -g-jE^ <3<*<^ X\# -§-^ ofls ^7171^1 7^3. 

tfl-g-Al^cf. Al?_V 030=) *fl^ oilui^l- E E cho^ *>^, ^7171(132)^1 ^ ^ K=256°le}- <5> 

£ *fllg «im^l E E cho^ *r*H 4^1- ^-cf. 

<80> K 

[-p^j-^i 4] «=i 
<8l> ol nfl, o\)=l ^17171(132)51 A^KA)^- 5^ 

^ A "^< <*«*,<«> 

<83> ^, E ECH o(k)7> aHflSHl ^ k« X|o4 Al^( A )o.S ^th=k 

<84> J£ lofl Aj^tg ofl^ *fl7i 51^(130)^1 ^1^7ll-(131, 132)3 *1<3 ^^Kg. 44 ^*J-X| 6 
^ 7^1- ^4. 



<85> 



<86> 



[^61 ^-^(7) 



7 ] Delay 2 = A - 4 x Delay i 
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<87> 6 6\}x\ INT(k) kl- ^tfl ^oltVrf. nJ-ej-A^ ^1^71(131) 

^ *1<3 *l*KDelayl)£- 128-i^B ^ <Q^6fl *V x]<3 Si^jl, *] <37l (133)^ 

*l*KDelay2)£ <$m 7] 7l (132)^1 #3* o] nfl , 6\)=l 7l (132)^1 
^I^t(wehco)^ 8^ ^-o] ^ oicf. 

<88> 8 ] w BCHO (k) = h ECHO (k+b), k = 0,-',K-l 

<89> ^]n> £ icfl^ M. ^ oj^o] 6j| S ^7^71(132)^ ^*]*r ^ FIF0(114) ^ 

ul TEQC124) o]^ cflolE^l tfl*V oflis *j|7l* ^^*Vcf. ^7^71(132)^ 
-^2fl°l^ y <^-8r FFTC127) 3? IFFT(112)<MsJ a] 5. 7l§o.5. ^^^cf. nj-e^ o]s. 

5}£?Mfi} cJ]-§-X|7l 7l ^a^ FIF0(114)^ *1<3# ^LS^^fl ^nf. ^ & 

^1 FIF0C 114)^1 *l<d-i: A r^5} t\JL, ^a] FIF0(125)£) Del ay* A ^e]- ^ 6-^ 7<^1 

*>-g-3 *1<3! 71^(131, 133)2] Al^h Tjl^HH 9^- ^-o] ^e)o^o> *V 

<90> [^^9] A = A-A TX -A JJX 

<9i> ol<4 ^j-o] FIP0*(114, 125)31 *1<3* JL3l*M ofl s t] 3s.(130)tfl *l<£7l#(131, 

133)5] *1<£ Aj^V ofls ^7^71(132)^ 7jl^# ^^*V ^ o)§ a- o] §1-71 ^*lH^r ^AEd 
sF^-S- ^-(upstream pilot tone)* ^l^L ^]7] 4)3.(130)7} £r(0N)£] &* nfl ofl^ 

71 2)S-(130)5l ^3. aflTl s)S(130)7> _£_H(0FF)£l&* afi£) ^ai ^o]^. ^.o. Hl51 ^ 

^ €*=K ^^H^ 4^5- ^ 16w} ^jdj^-g. *}--§- 3: 69kHz a}o] ^olti.o]cf. ^ae^ 
^-tltb °11^ *fl^ ^ PechO^ ^7] 5)^(130) 

1- ^ ^ 41Jl« P 0RG ^ ^ 10* tbcf. 
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<92> 10] ^SOTO * i>Oi?G 

<93> z>}x]*Y FIFO-i-ClU, 125HM£| ^f- *1<3^- FIFO ^ ^ *>=4fl<H^ e) 

^ (reset scheme)^ x}o)3. °m 1 ~ 2 <H^i-Hr $+7} ^ 5U4. £ 

£ *1<2^ ^V^l^l ^*ti 1021 ^7])^ ®7)} ^tf. p ECH0 ^ p 0RG o^ 

JL^M ^Tfl Sfl^ ^ 5atf. Pecho^ PORG^ 4°^* ^1 tfl*r ^a] a]^ 

<94> <^H^ 16^ ^w.^^* ^7l(120)<Hl^ 1 ^l-ol oj^q- 

^ 4°^*^ 3#^r 22.5°*! ^j-Tfl ^tf. ol^ 7} ^ ]JL p ECm <% p 0RG o) <^aV 

*H ^*fl ^1- *1<33 ^ Pecho^ Porg^ 3^-*H *M ^1- *1<3* 

Apilot°1^ ¥^ <r*M 9^ lisf Qo) ^z\o]o^ §Vcf. 

<95> I^r ^ 11] A = A " A re " - A p /ior 

<96> o] ufl p ECH0 ^ p 0RG o^ fl^V^|. A PIL0T ^ #31^ 5. 14 44*1 ^ oicf. 

<97> 



36-19 



<97>1020020073103 



^ Qx}: 2003/7/28 



IK 1] 



*-P ECHO ~ *-P ORG 


^ PILOT 


♦ 


« 
♦ 


-90.0 


-4 


-67.5 


-3 


-45.0 


-2 


-22.5 


-1 


0 


0 


22.5 


1 


45.0 


2 


67.5 


3 


90.0 


4 


* 





Pecho^ Porg^ fl^>7> 3^*1 a is] 3-9-41 «a*l*Hf 3^8r Pecho^ 

PORG^^ ^ A o V ^ 7Mi a 1^1 tfl-g-A^l^ «tj-. 

£ 7-8- ^S*}^, #711 S3004M, ^I7l7l 5)5.(130)^ Hefl^lS°l ^l^^, ^ 

71(120)51 TEQ(124)^ ^ 41Jl« nfo] afl^^s. ^^jt, ^^71(120)^1 FIF0(114)ifl 
Z.INSERT Ell*l^Ei(114_l)^ ^^1^1 &°-3. ^^€^. 

#31 S3014H, ^^71(110)71- 2^7} s[ (REVERB) 1- ^71(120)^ 2,7) 

^]S(REVERB)1- 4lS AijLS^ wJ-oV-i-ojcf. ^ S30241A-1, ofliEL *fl^o} ^tV <3<3HH^ _o 
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^(h EC Ho)°l *^tb *W ^fl^sl aI^v ^^oiiA^ -g-^-(h ECH0 )^- 

1 9? <r*Hl 2ofl 3*1H ^a>^ ^ sacf. cfTjl S3034H, <Hm^(E ECH o)7> 31^ 

€4. *fl^ ^IH^KEecho)^ 3 ^ 4°fl 33H ^1^4. S304<^i, ^3" 

5 9*fl 3*IH 6fl=i *flv| ^(wecho) 51 *H?1 £)5L(130)3 *1<2 A ) 

°1 31<M3. #31 S3054M, ^71(110)^ ^ ^Al^-cf. ol nfl, oils S) S 

(130)^ ^3" #Efl *J Aj-Efl^ ^^Cf. ofl=7 ^7] ^S.(130)7> -^3*Rr #E|H>H 

4l3L«- PecHO 5 * ^> 35.(130)7} £>fe ^-EfloflA-] ^A]^ A] ^ 

<102> ^ S306ofl^, <>fli2. *fl7i 3^(130)3 ^ ^^-ofl 3€- ^ ^!lt P E ch0. P0RG°1 * 

<2j$ 33 0^7} #^£3. n><y J=L AJ^S. p ECHQ) p 0RG o] ^-^^1 go^ ^ ^7)1 

S307S. ^W^. #31 S3074M, ofls ^ 33.(130)3 ^3 ^ 

Pecho, Porg^ ^#*H1 *\}3- ^11^71(132)3 *1<£ *1*KA)<>1 il^€3. 

<103> ^Al^O] Uj-^-Al^V ^AH1» oj-g-^H a. ^ o. ^x^^^xl^, «Vrg^ 7 fl A] 

€ *J*HH tH?£]*l &^mr ^ ol^fl^ ^ojcf. ^^3^ nsi*v ^ ^ 

1- ^ zl -R-a}^ ^1- £#*Rr 3J13 7}^ ^^711 ^fl^3^0> ^-Cf. 

[^3 s31 

<104> o]3 ^ ^^- > FIFOo]1 ^<g^. ^*y 7 ] 3^ ofl=7 ^71713 ^^^3 # 

r^igc)) ^]^7l# =?*\*\3L t ^1^71 #3 3°§ A] Tj-l;^- ^713 ^1^°J REVERB oj -g- 

«M BEflol^^3. ZLE^S, ^Bfl3 ^l7l7ll-o11 3 *K=*W* 7}3 JL -g-o] 
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*}7\) o\}3. ^17171* ^ ojcf. 5Eth *1<3 ^-^^ fl«fl/i ^iH^ 
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[3^8- 11 

7] ^7] A}o|o| ^Ejfe- 6|) S ^7]7l^ BiHM\3 ^ofl 5£<>H = 

-2-71 ^^7lS-^-Ei 2:712}- #^Hr ^711; ZL^JH 

^A]7l7> ^7l 2:715}- AjJr^JfEi #7l ofl S ^T^l^ Tfl^ £ ^ <£ A] 

7H^m #7)1» i^rfe 4^-^-5. *fe 6fl S *|] 7\ 71 Si Seflol^ 

2] 

XI l %hi sa^H, 

^-71 ofl^r ^7] 7 |^ > xDSUDigital Subscriber Line and its variations) ^l^^Hl 
A 1 *>-8-=lfe 3* ^AjsL ^fe ofliEL ^I7l7lsl « 0 v»j. 
[^t 1 * 3] 

^-71 271 5> REVERB ^]JL<?1 ^8-°S. <5fir oflirl ^1 7^ 71^1 HflM^ hV^ 

4] 

XI 2 * 0 H1 Ojo^, 

^-71 ofl^ aflTMfe- #7] ^^7lSl FIFO #71^-71^ #7l ^7l^ ^ <*j oj^ej-ol 
^ A>olcHl <g^£l^ ofl^ ^7]9\ Egflol^ . 
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5] 

^7} *\]°] ^Slfe, ^7) £^7}2) FIFO ^7)S\-7)^B] ^1" ^ «J-?-7> 
6] 

*ii 5 

#7] ^7l^ FIFO ^7}S\-7}S.^E] <£4^ <= sXS. Al^S- ^ ^j-u^ A>-g-7> 

7] 

^1 2 %H1 5a°H, 

o\}3. ^^Hr ^-i- 31^*Rr ^Til^; 

^-7] ofls ^^2] ^ o.5L^-Ei Al^V o^o) oils -§-^ T^l^m ^3:^1 sf; 

^"71 Al^_V <g<*<^ 6\)=l -g-^O^JfEi oils ^fl^oj oflui^l- 7]}^}^ &7\}Q; 

^7} o\}3. oflM^lS^Ei o\}3. X)}7j7]2) ^ A] ^*Rr ; HE)jl 

4 V 7l ^^o] oflia -§-^"4 ofl^ A)7^7}9\ 7\<& Al^O_^JfEi ofl S 7^ 7) ^ 7fl^# 

8] 

36-24 



1020020073103 #^ 2003/7/28 

*ll 2 SE^ 8 %H] , 

^"71 ^ 4^* ^<*1 ^-^^-S. ^ oils ^]7l7l^ Hsflcl^ «o V ^. 

10] 

*« 9 &<>H, 

^7l ofls ^717121 il^Kf #7^, 

7] 7}°) ^/ «1 ^ Aj-^ofl ^ ^A] <H#*H1 tfl-§-^ A) ^n>3- Aj. 7 ) ofl^ ^7] 

11] 

*fl 10 
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#7l <H1=7 ?]}7]7l*) #3H rr)-^ ^a] a]^!-^ <H#*l-7} 22.5° ^ nfl Aj- 7 ) 

12] 

#7l *fl\i^- ^-*fl c-HojEi a] 511- #^l-£], BelM^ BJEL^-<# ^71 s\- ^SJH 

#7l ^^71^ ^A] 7 ] A>o]o 1 l o^SlJL, Aj- 7 ) ^ 7 j jg.^ £^ a]^ 7 > #7l ^7] 
B ^5]^ ^TlsM -fl^ ^171 3]B«- B^*>5] ; 

#71 ofliEZ. *fl7l #71 B3H^ S.= #<>> t #71 ^1715. ^7l5l- ^lJL<i 

[3^8" 13] 

*fl 12 %H1 5^1, 

#7l o]]^ ^7] 

#7l ^^715.^-Ei #^S1^ ^1^^171^ 1 ^1^71^-; 

#71 1 ^^71^.^-Ei #^51^ Al^-i- «Vo>s.o^A-l a> 7 | ^ Aljr 7 |- 

#71 ^^l7lS ^^JSlfe ofliEM- ^7i^7l ^ ofliEL ^]7l7l; ZL^Jl 

#71 oils ^7l7lS^-E-l^ #iE | AlJrS. ^A^Ai Aj- 7 | ^A};^ afl^Kr afl 2 *l<g7l 
# B^-Rr 3* ^ BB ^ ^# Al^Bfl. 
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14] 

#?1 °JSCiS^ #33^r ^^Hr ifl<2l CilojEi Aljr-i- a] ^ eg iflo) C-j] o] E-| A] 

31^ >£^Hr ^31^ ^^7l(IFFT)s4-; 

^o> #7l ^^-7lS-^-E^ dlo)Ei A]Jr ^ Oj.H.g. ^^Sfl^ FIFO 

#7l FIFO ^3.-^ #^5]^ C-flojEi A]Jr=. ^E^^fl^ Aj. 7 l ^^Hr #^ 

#71 ^i-JfEl + X)Q ^o)B\ X\3L^ ^E|^Kr <^ ^E|<2f; 

#7l ^Ei5LJfEi<2} C-flolE^ 4!Jr6|| cflsfl r&E^ A] ^- oj oj^e)- 

°l*i*l-; 

#71 Al^- <^<* ol^el-ol^ S .«.E^ C-flolEi ^A] Jg-7lSj-Al7l^ FIF0 

#71 FIFO W^^fEi^ Al^- i^o} cflolE^ Aljr-i. ^s}.^ <^ ^ o] ^ o] e) A]^ 

3- ^W^r -H^r ^51 o,l ^^-7l(FFT)sl-; 

#71 <g<* ^cq dlolEi Aljr^- 1^*3 *Rr x^^d; ZLElJl 

#7l l-isfl cflojEi Al^]. ^Als]^ ofl^- ^71^71 ^tb o]lS ^71 SI 

#71 oll^ ^ 

36-27 



1020020073103 <£x}: 2003/7/28 

#7} FIFO ^2)5.^-3 #^3^ #3L% *fl i *]<£7l<2i; 

15] 

*ll 14 *M 9X°1*\, 

-$7] -f-A] Al^tfl^- xDSLCDigital Subscriber Line and its variations) *1^<?] 

[^^J- 161 

^ 15 *<M1 

^■71 ^7)s\- ^s_±r REVERB ^1Jl<?] ^-§- ^-^^.S Sfrfe -f-^] Al^tfl. 
17] 

^ 15 %H1 &<>H, 

^"71 FIFO t^^JL^-Ei <£4^ ^ AflJg. A}JrS- ^ *fM^r *}"g-*r DflolBlolJl Cf 

18] 

17 %H1 51 ^A^, 

Heflo]^ JZJEL-^*];, ^-71 FIFO t^^Ei #^S)^ <3<£^ "T" 48 1- ^Ix-i" # 
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[^t 1 * 19] 

*fl 15 %H1 5a 

[^t 1 * 20] 

*fl 19 ^oHl &<H^, 

21] 

20 ihi 

A oM °§^S] ofliEL Aj-7] ^7]<H1^ °\)*L ^fl^^l ^^Hr 

7) ^?HH <*fl.2 *fl^<2] ^^Hr ^sfi*]^ -s.^_os ^ -f-Ai 

22] 

xi 21 sa^i, 

[^T 1 * 23] 

X] 15 5U°H, 
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^•7] <*jl4=- ^ejofl ^#7l^ ^zl^ *&^-7l o] ji ; 

^■71 ^eH ^^-71 fe- 512-S^lB ZL^r ^eHl €^7l <y ^ ^.S. -f-Al 
a]^ . 

24] 

XI 23 *<M1 5U°H, 

A oM ^7HH <H1-S ^^Hr 128-5L<yH ^}o]b\ AjJi-I- 512-5. 

B cflolE^ a]Jt S ^ ^s}-^ s^o] ^o. a^o S a]^. 

[^t 1 * 25] 

XI 24 *&°\) 91°]*], 

Xl 1 ^1^71^ *1<S Aj-71 ^=7 ^ s\3.o) ^3.0. 45. M-^ &<S] ^tfl ^ 

l^tt 26] 

XI 25 *<H 9X°)*), 

^7] Xl 2 ^1^71^ Xl<^ A]^, (Aj-7] ^=7 ^ 5)5.^ A]^) - 4 * (Aj- 7 j ^ ]. 

27] 

XI 26 *<H1 &<X*1, 

A o V 7l ^71 lJi\B] FIFO ^5)^1 X]^ ^1-71 ^A]7l ^ <i) FIFO »| 3^ ^ *] 
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[^*o V 28] 

*fl 27 %H1 5a°H, 

^•71 ^^717} *l#*Hr ^"71 ofl S ^ S|S7> ^ nfl <#7] 

cflolEi Al^Sq- ^1-71 oil ^ ^171 3)5.7} tll^^- ^VeH^ ufl ^7)7}- ^ 

[^^J- 29] 

*fl 28 *M 91°]*], 

^7} o)}3. *\}7j7}2) ^Efl^ ccj-s ^ Al^s-o) ^a o >^ 7 ]. 22.5°^ nfl #7l 
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